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(54) DEMODULATOR AND DEMODULATING METHOD 



(57) The number of spreading codes multiplexed in 
a received signal is detected, and switches 4 and 5 are 
switched to the RAKE demodulation section 2 side if the 
detected number of spreading codes is less than a pre- 
determined threshold value, and to the JD demodulation 



section 3 side if greater than or equal to the predeter- 
mined threshold value. As a result, joint detection de- 
modulation is used only when the number of multiplexed 
spreading codes is large-that is, when the number of us- 
ers is large-and consequently power can be saved dur- 
ing demodulation. 
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Description 

Technical Field 

[0001] The present invention relates to a demodula- 
tion apparatus and demodulation method suitable for 
use in a CDMA (Code Division Multiple Access) mobile 
communication system. 

Background Art 

[0002] Conventionally, Joint Detection (hereinafter re- 
ferred to as "JD") demodulation is used as a demodula- 
tion method in CDMA mobile communications. JD de- 
modulation is a demodulation method that uses an in- 
terference cancellation equalization method that ob- 
tains a signal free of inter-code interference or effects 
of interference on other users. Specifically, a demodu- 
lated signal is obtained by performing computation that 
cancels inter-code interference and effects of interfer- 
ence on other users from a received signal by using a 
delay profile obtained by means of channel estimation 
and spreading codes for all users. 
[0003] FIG.24 is a block diagram showing the sche- 
matic configuration of a conventional JD demodulation 
apparatus. A conventional JD demodulation apparatus 
is composed of a channel estimation section 50 and a 
JD demodulation section 51 . The JD demodulation sec- 
tion 51 is composed of a cross-correlation matrix gen- 
eration section 52 and an interference cancellation com- 
putation section 53. 

[0004] The channel estimation section 50 performs 
channel estimation processing using a known signal se- 
quence included in a received baseband signal, and 
generates a delay profile for all multiplex codes of all 
multiplex users. The cross-correlation matrix generation 
section 52 of the JD demodulation section 51 generates 
a cross-correlation matrix based on a delay profile gen- 
erated by the channel estimation section 50 and spread- 
ing code information for all multiplex codes of all multi- 
plexed users. Using the cross-correlation matrix gener- 
ated by the cross-correlation matrix generation section 
52 and the received baseband signal, the interference 
cancellation computation section 53 perfonns computa- 
tion that cancels inter-code interference and effects of 
interference on other users. The above spreading code 
information can be obtained from a separately provided 
spreading code estimation section (not shown) or from 
a higher layer. 

[0005] Information concerning conventional JD de- 
modulation is given in, for example, "Interference Can- 
cellation vs. Channel Equalization and Joint Detection 
for the Downlink of C/TDMA Mobile Radio Concepts" 
(Bernd Steiner, Proceedings of EPMCC Conference 
Germany 1997, No.145, pp.253-260) or "EFFICIENT 
MULTI-RATE MULTI-USER DETECTION FOR THE 
ASYNCHRONOUS WCDMA UPLINK" (H.R.Karimi, 
VTC'99, pp.593-597). 



[0006] However, with a demodulation apparatus us- 
ing conventional JD demodulation, while the perform- 
ance of JD demodulation is good compared with normal 
RAKE demodulation, there are problems in that the 
5 amount of computation is large, and power consumption 
is high. 

Disclosure of Invention 

10 [0007] It is an object of the present invention to pro- 
vide a demodulation apparatus and demodulation meth- 
od that enable power-saving to be achieved while using 
JD demodulation. 

[0008] This object is achieved by providing for switch- 
es ing between RAKE demodulation and JD demodulation 
to be perfonned in accordance with reception condi- 
tions, and using JD demodulation only when necessary. 



Brief Description of Drawings 

20 

[0009] 

FIG.1 is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- 
25 iment 1 of the present invention; 

FIG.2 is a flowchart showing the operation of a de- 
modulation apparatus according to Embodiment 1 
of the present invention; 

FIG.3 is a block diagram showing the configuration 
30 of a demodulation apparatus according to Embod- 
iment 4 of the present invention; 
FIG.4 is a flowchart showing the operation when a 
demodulation apparatus according to Embodiment 
4 of the present invention is used in a mobile device; 
35 FIG.5 is a flowchart showing the operation when a 
demodulation apparatus according to Embodiment 
4 of the present invention is used in a base station; 
F1G.6 is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- 
40 iment 5 of the present invention; 

F1G.7 is a flowchart showing the operation of a de- 
modulation apparatus according to Embodiment 5 
of the present invention; 

F1G.8 is a block diagram showing the configuration 
45 of a demodulation apparatus according to Embod- 
iment 6 of the present invention; 
FlG.g is a flowchart showing the operation of a de- 
modulation apparatus according to Embodiment 6 
of the present invention; 
50 FIG. 10 is a block diagram showing the configura- 
tion of a demodulation apparatus according to Em- 
bodiment 7 of the present invention; 
FIG. 11 is a flowchart showing the operation of a de- 
modulation apparatus according to Embodiment 7 
55 of the present invention; 

FIG. 12 is a block diagram showing the configura- 
tion of a demodulation apparatus according to Em- 
bodiment 8 of the present invention; 
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FIG. 1 3 is a block diagram showing the configuration 
of the joint detection demodulation section of a de- 
modulation apparatus according to Embodiment 8 
of the present invention; 

FIG. 14 is a flowchart showing the operation of a de- 5 
modulation apparatus according to Embodiment 8 
of the present invention; 

FIG. 15 is a block diagram showing the configura- 
tion of a demodulation apparatus according to Em- 
bodiment 9 of the present invention; io 
FIG. 1 6 is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- 
iment 10 of the present invention; 
FIG. 1 7 is a flowchart showing the operation of a de- 
modulation apparatus according to Embodiment 1 0 is 
of the present invention; 

FIG. 1 8 is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- 
iment 11 of the present invention; 
FIG. 1 9 is a block diagram showing the configuration 20 
of a demodulation apparatus according to Embod- 
iment 12 of the present invention; 
FIG.20 is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- 
iment 1 3 of the present Invention; 25 
FIG.21 Is a flowchart showing the operation of a de- 
modulation apparatus according to Embodiment 1 3 
of the present Invention; 

FIG.22 Is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- so 
Iment 14 of the present Invention; 
FIG.23 Is a block diagram showing the configuration 
of a demodulation apparatus according to Embod- 
iment 15 of the present Invention; and 
FIG.24 Is a block diagram showing the configuration 35 
of a conventional demodulation apparatus. 

Best Mode for Canning out the Invention 

[0010] With reference now to the accompanying 40 
drawings, embodiments of the present Invention will be 
explained In detail below. 

(Embodiment 1 ) 

45 

[0011] FIG.1 Is a block diagram showing the configu- 
ration of a demodulation apparatus according to Em- 
bodiment 1 of the present Invention. 
[0012] In FIG. 1 , a demodulation apparatus according 
to this embodiment comprises a channel estimation sec- so 
tion 1, a RAKE demodulation section 2, a JD (joint de- 
tection) demodulation section 3, switches 4 and 5 that 
switch between the RAKE demodulation section 2 and 
JD demodulation section 3, and a switching determina- 
tion section 6 that performs switching of switches 4 and 55 
5 based on the number of spreading codes multiplexed 
In a received signal. The number of spreading codes 
corresponds to the reception conditions referred to in 



claim 1. 

[0013] The channel estimation section 1 performs 
channel estimation using a known signal sequence (for 
example, a midamble) included in a received signal, 
generates a delay profile for all users, and inputs this to 
the RAKE demodulation section 2, JD demodulation 
section 3, and switching determination section 6. The 
switching determination section 6 detects the number of 
spreading codes multiplexed in the received signal, and 
compares the detected number of spreading codes with 
a predetermined threshold value. If this comparison 
shows that the number of detected codes is less than 
the predetermined threshold value, switches 4 and 5 are 
switched to the RAKE demodulation section 2 side. If, 
on the other hand, the number of detected codes is 
greater than or equal to the predetermined threshold 
value, switches 4 and 5 are switched to the JD demod- 
ulation section 3 side. 

[0014] As interference increases in accordance with 
the number of spreading codes multiplexed in a signal, 
although the use of JD demodulation results in a major 
Improvement In performance, as the number of spread- 
ing codes decreases Interference also decreases, and 
thus the effect of JD demodulation Is reduced. In such 
a case, RAKE demodulation Is effective. Either a value 
notified from a higher layer, or the number of spreading 
codes estimated In channel estimation, may be used as 
the number of spreading codes. 
[001 5] Next, the operation of a demodulation appara- 
tus according to this embodiment will be described with 
reference to the flowchart shown In FIG.2. 
[0016] First, the number of spreading codes multi- 
plexed In the received signal Is determined (Step 10). 
Then the detennlned number of spreading codes Is 
compared with a predetermined threshold value (Step 
12), and If this comparison shows that the number of 
spreading codes Is less than the predetermined thresh- 
old value (that Is, In the NO case), switches 4 and 5 are 
switched to the RAKE demodulation section 2 side and 
RAKE demodulation Is selected (Step 14). If, on the oth- 
er hand, the number of spreading codes Is greater than 
or equal to the predetermined threshold value (that Is, 
In the YES case), switches 4 and 5 are switched to the 
JD demodulation section 3 side and JD demodulation Is 
selected (Step 16). The result of demodulation by 
means of the selected demodulation method Is Input to 
a decoding section (not shown). 
[0017] Thus, according to a demodulation apparatus 
of this embodiment, switching between RAKE demodu- 
lation and JD demodulation is performed based on the 
number of spreading codes multiplexed in a received 
signal. That is to say, when the number of spreading 
codes is small and adequate reception quality can be 
obtained by means of RAKE demodulation, the system 
switches to the RAKE demodulation section 2, and 
when the number of spreading codes is large and ade- 
quate reception quality cannot be obtained by means of 
RAKE demodulation, the system switches to the JD de- 
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modulation section 3. 

[0018] Therefore, power can be saved during demod- 
ulation by using JD demodulation, which incurs high 
power consumption, only when the number of spreading 
codes multiplexed in a received signal is large-that is to s 
say, when there are a large number of users. 

(Embodiment 2) 

[0019] With the above-described demodulation appa- io 
ratus according to Embodiment 1, the condition for 
switching between JD demodulation and RAKE demod- 
ulation is "the number of spreading codes multiplexed 
in a received signal", but with a demodulation apparatus 
according to this embodiment, the switching condition 15 
is "the number of transmission paths". The configuration 
of this apparatus is identical to that of the demodulation 
apparatus in FIG.1, and therefore FIG.1 will again be 
referred to. 

[0020] The channel estimation section 1 determines 20 
the number of transmission paths at the time of channel 
estimation generation. The switching determination 
section 6 compares the number of transmission paths 
determined by the channel estimation section 1 with a 
predetermined threshold value, and if the number of 25 
transmission paths is less than the predetennined 
threshold value, the system switches to RAKE demod- 
ulation. If, on the other hand, the number of transmission 
paths Is greater than or equal to the predetennined 
threshold value, the system switches to JD demodula- so 
tlon. Possible methods of setting the threshold value are 
to set the total number of paths for all users, or to set 
the number of paths on a user-by-user basis. If there 
are a large number of transmission paths. Interference 
will be proportionally greater for one path, and so the 35 
performance Improving effect of JD demodulation will 
be great. In contrast, as the number of transmission 
paths Is decreased, the Interference Is decreased, and 
so the effect of JD Is small. Therefore, If JD demodula- 
tion is used only when the number of transmission paths 40 
Is large, power can be saved while maintaining recep- 
tion quality. The number of transmission paths corre- 
sponds to the reception conditions referred to In claim 1 . 
[0021] Thus, according to a demodulation apparatus 
of this embodiment, switching between RAKE demodu- 45 
latlon and JD demodulation Is performed based on the 
number of transmission paths, and JD demodulation, 
which incurs high power consumption. Is selected only 
when the number of transmission paths Is large, thereby 
enabling power to be saved during demodulation. so 

(Embodiment 3) 

[0022] With the above-described demodulation appa- 
ratus according to Embodiment 1, the condition for 55 
switching between JD demodulation and RAKE demod- 
ulation is "the number of spreading codes multiplexed 
in a received signal", and with the above-described de- 



modulation apparatus according to Embodiment 2, the 
switching condition is "the number of transmission 
paths", but with a demodulation apparatus according to 
this embodiment, the two above-described conditions 
are used. The configuration of this apparatus is identical 
to that of the demodulation apparatus in FIG.1, and 
therefore FIG.1 will again be referred to. 
[0023] The switching determination section 6 deter- 
mines whether or not the condition that the result of mul- 
tiplying together the number of spreading codes and 
number of paths detected by the channel estimation 
section 1 exceeds a predetermined threshold value is 
satisfied. If this condition is satisfied, the system switch- 
es to the JD demodulation section 3, and if this condition 
Is not satisfied, the system switches to the RAKE de- 
modulation section 2. 

[0024] Thus, according to a demodulation apparatus 
of this embodiment, switching between RAKE demodu- 
lation and JD demodulation is performed based on the 
number of spreading codes multiplexed in a received 
signal and the number of transmission paths, and JD 
demodulation, which incurs high power consumption, is 
selected only when the result of multiplying together the 
number of spreading codes and the number of paths de- 
tected by the channel estimation section 1 Is greater 
than or equal to a predetermined threshold value, there- 
by enabling power to be saved during demodulation. 

(Embodiment 4) 

[0025] FIG.3 Is a block diagram showing the configu- 
ration of a demodulation apparatus according to Em- 
bodiment 4 of the present Invention. Parts In FIG.3 Iden- 
tical to those In FIG.1 are assigned the same codes as 
In FIG.1. 

[0026] As shown In FIG.3, a demodulation apparatus 
according to this embodiment has a configuration 
whereby the condition for switching between JD demod- 
ulation and RAKE demodulation Is the SIR (signal to In- 
terference ratio) of RAKE demodulation results for a 
number of symbols, and the system switches to RAKE 
demodulation If that SIR Is greater than or equal to a 
predetennined threshold value, and switches to JD de- 
modulation If the SIR Is less than the predetermined 
threshold value. The SIR Is calculated by an SIR com- 
putation section 7. A switching determination section 8 
performs switching between the RAKE demodulation 
section 2 and JD demodulation section 3 based on the 
computation result of the SIR computation section 7. In 
order to perform demodulation method switching deter- 
mination based on an SIR, it is necessary to monitor the 
SIR constantly. Therefore, with a demodulation appara- 
tus according to this embodiment, provision is made for 
the output of the channel estimation section 1 to be input 
constantly to the RAKE demodulation section 2 so that 
the SIR can be monitored even when the system switch- 
es to the JD demodulation section 3 side. 
[0027] Switching between the RAKE demodulation 
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section 2 and JD demodulation section 3 is performed 
by means of a switch 5, a switch 9 located between the 
channel estimation section 1 and JD demodulation sec- 
tion 3, and a switch 10 located between the SIR com- 
putation section 7 and switch 5. When the RAKE de- 5 
modulation section 2 is to be used, switch 5 is switched 
to the RAKE demodulation section 2 side, switch 9 is 
opened, and switch 10 is closed. When the JD demod- 
ulation section 3 is to be used, switch 5 is switched to 
the JD demodulation section 3 side, switch 9 is closed, io 
and switch 10 is opened. 

[0028] Demodulation method switching differs ac- 
cording to whether it is applied to a mobile device or to 
a base station. Operation in the case of application to a 
mobile device is shown in the flowchart in FIG.4, and 15 
operation in the case of application to a base station is 
shown in the flowchart in FIG.5. 

[When applied to a mobile device] 

20 

[0029] As shown in the flowchart in FIG.4, a delay pro- 
file is generated and then processing for switching de- 
termination (SIR measurement, etc.) is performed (Step 
20, Step 22). After processing for switching determina- 
tion has been performed, the SIR is compared with a 25 
predetermined threshold value (Step 24). If this compar- 
ison shows that the SIR is greater than or equal to the 
predetermined threshold value (that is, in the NO case), 
a signal that switches switch 5 to the RAKE demodula- 
tion section 2 side is output, and signals that open switch so 
9 and close switch 10 are output, thereby selecting 
RAKE demodulation (Step 26). If, on the other hand, the 
SIR is less than the predetermined threshold value (that 
is, in the YES case), a signal that switches switch 5 to 
the JD demodulation section 3 side is output, and sig- 35 
nals that close switch 9 and open switch 1 0 are output, 
thereby selecting JD demodulation (Steps 28 and 30). 
In JD demodulation, JD demodulation is performed after 
performing RAKE demodulation for all users. 
[0030] In the case of application to a mobile device, 40 
RAKE demodulation need only be performed for that de- 
vice, butwithJD demodulation, it is necessary for RAKE 
demodulation to be performed for all users before this 
JD demodulation is carried out. That is to say, since JD 
demodulation is performed when the SIR is less than 45 
the predetermined threshold value, the JD demodula- 
tion section 3 carries out RAKE demodulation for all us- 
ers. On the other hand, since RAKE demodulation is 
performed when the SIR is greater than or equal to the 
predetermined threshold value, the RAKE demodula- so 
tion section 2 carries out RAKE demodulation for the us- 
er of that device. The result of demodulation by means 
of the selected demodulation method is input to a de- 
coding section (not shown). 

55 

[When applied to a base station] 

[0031] In a base station, RAKE demodulation is per- 



formed for all operational mobile devices within the cell, 
and therefore when an SIR is less than a predetermined 
threshold value, JD demodulation is carried out directly. 
[0032] As shown in the flowchart in FIG.5, a delay pro- 
file is generated, and then processing for switching de- 
termination is performed and SIR measurement is per- 
formed (Step 40, Step 42). After SIR measurement has 
been performed, RAKE demodulation is carried out for 
all users (Step 44). Then the SIR is compared with a 
predetermined threshold value (Step 46). If this compar- 
ison shows that the SIR is greater than or equal to the 
predetermined threshold value (that is, in the NO case), 
this processing is terminated directly. If, on the other 
hand, the SIR is less than the predetermined threshold 
value (that is, in the YES case), a signal that switches 
switch 5 to the JD demodulation section 3 side is output, 
and signals that close switch 9 and open switch 10 are 
output, thereby selecting JD demodulation (Step 48). 
[0033] Thus, in the case of RAKE demodulation, in a 
mobile device RAKE demodulation is performed for that 
user signal, whereas in a base station RAKE demodu- 
lation is perfonned for all user signals. In the case of JD 
demodulation, on the other hand, in RAKE demodula- 
tion, RAKE demodulation is performed for all users both 
in a mobile device and in a base station. The JD demod- 
ulation section 3 perfonns computation that cancels in- 
ter-code interference and effects of interference on oth- 
er users, using a delay profile, RAKE demodulation re- 
sults, and the spreading codes of all users. The SIR cor- 
responds to the reception conditions referred to in claim 
1. 

[0034] Thus, according to a demodulation apparatus 
of this embodiment, switching between RAKE demodu- 
lation and JD demodulation is performed based on the 
SI R of RAKE demodulation results for a number of sym- 
bols, and JD demodulation, which incurs high power 
consumption, is used only when the SIR is less than a 
predetennined threshold value, thereby enabling power 
to be saved during demodulation. 

(Embodiment 5) 

[0035] FIG.6 is a block diagram showing the configu- 
ration of a demodulation apparatus according to Em- 
bodiment 5 of the present invention, and FIG.7 is a flow- 
chart showing the operation of a demodulation appara- 
tus according to this embodiment. Parts in FIG.6 iden- 
tical to those in FIG.1 are assigned the same codes as 
in FIG.1. 

[0036] A demodulation apparatus according to this 
embodiment has a configuration whereby, in communi- 
cations in which retransmission control is performed by 
means of the Automatic Repeat Request (ARQ) meth- 
od, the condition for switching between JD demodula- 
tion and RAKE demodulation is "the number of ARQ re- 
transmissions", and the system switches to RAKE de- 
modulation if that number of retransmission times is less 
than a predetermined threshold value, and switches to 
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JD demodulation if that number of retransmission times 
is greater than or equal to the predetermined threshold 
value. The number of retransmission times can be found 
by detecting errors in decoded bits output from a decod- 
ing section 13 with an error detection section 14 and s 
counting these errors with a counter section 15. A 
switching determination section 1 2 performs demodula- 
tion method switching based on the number of retrans- 
mission times. For example, it may be that RAKE de- 
modulation is selected initially to suppress power con- io 
sumption, and when reception quality does not meet a 
reference level and retransmission is performed, the 
system switches to JD demodulation if the number of 
retransmission times is greater than or equal to a pre- 
determined threshold value. The number of ARQ re- 15 
transmissions corresponds to the reception conditions 
referred to in claim 1 . 

[0037] FIG. 7 is a flowchart showing the operation of 
a demodulation apparatus according to this embodi- 
ment. 20 
[0038] In this flowchart, processing is first performed 
for the purpose of switching determination, and meas- 
urement of the number of retransmission times is carried 
out (Step 50). After the number of retransmission times 
has been measured, the measured number of retrans- 25 
mission times is compared with a predetermined thresh- 
old value (Step 52). If this comparison shows that the 
number of retransmission times is less than the prede- 
termined threshold value (that is, in the NO case), RAKE 
demodulation is selected by switching switches 4 and 5 so 
to the RAKE demodulation section 2 side (Step 54). If, 
on the other hand, the number of retransmission times 
is greater than or equal to the predetermined threshold 
value (that is, in the YES case), JD demodulation is se- 
lected by switching switches 4 and 5 to the JD demod- 35 
ulation section 3 side (Step 56). 
[0039] Thus, according to a demodulation apparatus 
of this embodiment, switching between RAKE demodu- 
lation and JD demodulation is performed based on the 
number of ARQ retransmissions, and JD demodulation, 40 
which incurs high power consumption, is used only 
when that number of retransmission times is greater 
than or equal to a predetermined threshold value, there- 
by enabling power to be saved during demodulation. 
The number of retransmission times may also be deter- 45 
mined using a value notified by a higher layer. 

(Embodiment 6) 

[0040] FIG. 8 is a block diagram showing the configu- so 
ration of a demodulation apparatus according to Em- 
bodiment 6 of the present invention. Parts in FIG. 8 iden- 
tical to those in FIG.6 are assigned the same codes as 
in FIG.6. 

[0041] A demodulation apparatus according to this 55 
embodiment has a configuration whereby the threshold 
value used for JD demodulation / RAKE demodulation 
switching determination is changed in accordance with 



errors in decoded bits. Decoded bit errors are detected 
by the error detection section 14. 
[0042] FIG. 9 is a flowchart showing the operation of 
a demodulation apparatus according to this embodi- 
ment. 

[0043] In this flowchart, processing is first performed 
for the purpose of switching determination, and the 
number of spreading codes multiplexed in a received 
signal is detected (Step 60). After detection of the 
number of spreading codes, the detected number of 
spreading codes is compared with a predetermined 
threshold value (Step 62). If this comparison shows that 
the number of spreading codes is less than the prede- 
termined threshold value, switches 4 and 5 are switched 
to the RAKE demodulation section 2 side and RAKE de- 
modulation is performed (Step 64). Then, after RAKE 
demodulation, error correction decoding is carried out 
(Step 66), followed by error detection processing (Step 
68). If a decoded bit error is detected by the error de- 
tection section 14, that result is input to a switching de- 
tennination section 17. When the error detection result 
is input from the en-or detection section 14, the switching 
detennination section 1 7 uses that result to control the 
threshold value that is the criterion for demodulation 
method switching. For example, if an error is detected 
even though a switch has been made to the RAKE de- 
modulation section 2 with the cun-ent threshold value, 
the cun-ent threshold value is determined not to be ap- 
propriate for the current reception conditions, and is 
decremented by a predetermined value. For example, 
a threshold value of "40" will be changed to "35". The 
switching determination section 17 can-ies out this 
processing repeatedly until errors are no longer detect- 
ed. Then, when errors are no longer detected, the cur- 
rent threshold value is incremented successively by a 
predetennined value after the elapse of a predeter- 
mined interval from that point in time, or after switching 
detennination processing has been performed a prede- 
tennined number of times since the point in time at which 
errors ceased to be detected. This processing is carried 
out until the value immediately prior to detection of an 
error. 

[0044] If, on the other hand, it is detennined in Step 
62 that the number of spreading codes is greater than 
or equal to the predetennined threshold value, switches 
4 and 5 are switched to the JD demodulation section 3 
side and JD demodulation is performed (Step 70). After 
JD demodulation, en-or correction decoding is per- 
formed (Step 72), and this processing is terminated. 
[0045] Thus, according to a demodulation apparatus 
of this embodiment, the threshold value that is the cri- 
terion for demodulation method switching is changed in 
accordance with errors in decoded bits, thus enabling a 
fixed reception quality to be constantly maintained. 
[0046] In this embodiment, switching determination is 
performed based on the number of spreading codes, but 
switching determination may also be determined based 
on the number of transmission paths, a calculated SIR 
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value, or the number of ARQ retransmissions. 

(Embodiment 7) 

[0047] FIG.10 is a blocl< diagram showing the config- s 
uration of a demodulation apparatus according to Em- 
bodiment 7 of the present invention. Parts in FIG.10 
identical to those in FIG.3 are assigned the same codes 
as in FIG.3. 

[0048] A demodulation apparatus according to this io 
embodiment is provided with a storage section 19 that 
stores post-RAKE-demodulation symbol information, 
and if an error is detected during RAKE demodulation, 
this post-RAKE-demodulation symbol information 
stored in the storage section 1 9 is used for interference 15 
cancellation computation in the JD demodulation sec- 
tion 3. 

[0049] A switching determination section 17 detects 
the number of spreading codes multiplexed in a re- 
ceived signal. Then the system switches to the RAKE 20 
demodulation section 2 if the detected number of 
spreading codes is less than a predetermined threshold 
value, or switches to the JD demodulation section 3 if 
the detected number of spreading codes is greater than 
or equal to the predetermined threshold value. After a 25 
switch is made to the RAKE demodulation section 2 
when the detected number of spreading codes is less 
than the predetermined threshold value, if a decoded bit 
en-or is detected by an error detection section 14, that 
result is input to the switching determination section 1 7. so 
When the error detection result is input from the error 
detection section 14, the switching detennination sec- 
tion 1 7 controls switches 5, 9, and 1 0 to switch from the 
RAKE demodulation section 2 to the JD demodulation 
section 3. The error detection result from the error de- 35 
tection section 14 is also input to the storage section 1 9, 
and RAKE demodulated symbol infonnation stored in 
the storage section 19 is read and input to the JD de- 
modulation section 3. The JD demodulation section 3 
performs interference cancellation computation based 40 
on the post-RAKE-demodulation symbol information 
from the storage section 1 9 and a delay profile from the 
channel estimation section 1 , and inputs the result to a 
decoding section 13. Part of the computation in JD de- 
modulation can be omitted by using post-RAKE-demod- 45 
ulation symbols in JD demodulation. By this means, 
power can be saved in demodulation. 
[0050] FIG. 11 is a flowchart showing the operation of 
a demodulation apparatus according to this embodi- 
ment. 50 
[0051] In this flowchart, processing is first performed 
for the purpose of switching determination, and the 
number of spreading codes multiplexed in a received 
signal is detected (Step 80). After detection of the 
number of spreading codes, the detected number of 55 
spreading codes is compared with a predetermined 
threshold value (Step 82). If this comparison shows that 
the number of spreading codes is less than the prede- 



termined threshold value, the system switches to the 
RAKE demodulation section 2 (Step 84). If, on the other 
hand, the number of spreading codes is greater than or 
equal to the predetermined threshold value, the system 
switches to the JD demodulation section 3 (Step 92). 
[0052] After RAKE demodulation has been performed 
following switching to the RAKE demodulation section 
2 when the number of spreading codes is less than the 
predetermined threshold value, error correction decod- 
ing is performed (Step 86). After error correction decod- 
ing has been performed, error detection processing is 
carried out (Step 88). In this error detection processing, 
the presence or absence of an error is determined (Step 
90); if there is no error this processing is terminated, and 
If there is an error the system switches to the JD demod- 
ulation section 3 (Step 92). After the switch is made to 
the JD demodulation section 3 and JD demodulation 
has been performed, error correction decoding is car- 
ried out (Step 94). After error correction decoding has 
been carried out, this processing is terminated. 
[0053] Thus, according to a demodulation apparatus 
of this embodiment, when there is an error in a RAKE 
demodulation result, JD demodulation is performed us- 
ing RAKE demodulation result symbol information for 
the point in time at which that error occurred, thereby 
making it possible to keep error occurrence at a low lev- 
el, and enabling reception quality to be improved. Also, 
since a switch is made to JD demodulation when there 
is an error in a RAKE demodulation result, power saving 
is achieved by setting a high threshold value so that 
RAKE demodulation, which requires low power con- 
sumption, is used as much as possible. 
[0054] Moreover, since computation for performing 
RAKE demodulation processing in the JD demodulation 
section 3 can be omitted, the amount of processing in- 
volved in JD demodulation can be reduced. From the 
hardware standpoint, by making the RAKE demodula- 
tion section of the JD demodulation section 3 the RAKE 
demodulation section 2, it is possible to reduce the 
amount of processing involved in JD demodulation, and 
also to reduce costs. 

[0055] Not only in this embodiment, but in all the 
above-described embodiments, using RAKE demodu- 
lated symbol information in JD demodulation enables 
the omission of computation con-esponding to RAKE de- 
modulation processing in the JD demodulation section 
3. This makes it possible to reduce the amount of 
processing and storage apparatus capacity required for 
JD demodulation. 

[0056] Furthermore, in the above-described embodi- 
ments, descriptions have covered RAKE demodulation 
and JD demodulation, butfor RAKE demodulation, a de- 
modulation method may be used whereby coherent de- 
tection or differentially coherent detection is performed 
afterdespreading, and for JD demodulation, another de- 
modulation method that has an interference cancella- 
tion function may be used. Moreover, application is also 
possible with regard to Channel Equalization that can- 
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eels only the effects of multi-path interference. Informa- 
tion concerning this Channel Equalization is given in, for 
example, "Interference Cancellation vs. Channel Equal- 
ization and Joint Detection for the Downlink of C/TDMA 
Mobile Radio Concepts" (Bernd Steiner, Proceedings of 
EPMCC Conference Germany 1997, No.145, pp. 
253-260). 

(Embodiment 8) 

[0057] FIG. 12 is a block diagram showing the config- 
uration of a demodulation apparatus according to Em- 
bodiment 8 of the present invention, and FIG. 13 is a 
block diagram showing the configuration of the JD de- 
modulation section 3 that is a component part of a de- 
modulation apparatus according to this embodiment. 
Parts in FIG. 12 identical to those in FIG.1 are assigned 
the same codes as in FIG. 1 and their explanations are 
omitted. 

[0058] In FIG. 12, a demodulation apparatus accord- 
ing to this embodiment comprises a channel estimation 
section 1 , a JD demodulation section 3, and a delay pro- 
file comparison processing section 20. As shown in FIG. 
13, the JD demodulation section 3 Is composed of a 
cross-correlation matrix generation section 21 and In- 
terference cancellation computation section 22. The 
channel estimation section 1 performs channel estima- 
tion using a known signal sequence included in a re- 
ceived signal, generates a delay profile for all users, and 
inputs this to the delay profile comparison processing 
section 20 and JD demodulation section 3. The delay 
profile comparison processing section 20 determines 
whether or not a cross-correlation matrix Is to be gener- 
ated based on the amount of change of the cun-ent delay 
profile with respect to the previous delay profile. That Is 
to say, after obtaining the amount of change of the cur- 
rent delay profile with respect to the previous delay pro- 
file, the obtained amount of change Is compared with a 
predetermined threshold value, and a selection result Is 
output Indicating that the previous cross-correlation ma- 
trix Is to be used If the amount of change Is less than the 
threshold value, or that a new cross-correlation matrix 
Is to be generated If the amount of change greater than 
or equal to the threshold value. This selection result Is 
Input to the JD demodulation section 3. The delay profile 
comparison processing section 20 has a storage section 
(not shown ) that stores the delay profile obtained this 
time for processing In the next received transmission 
unit. 

[0059] The cross-correlation matrix generation sec- 
tion 21 of the JD demodulation section 3 carries out gen- 
eration of a new cross-correlation matrix if the selection 
result Is that a newly generated cross-correlation matrix 
Is to be used, and does not carry out generation of a 
new cross-correlation matrix if the selection result is that 
the previously generated cross-correlation matrix is to 
be used. Also, if the selection result is that a new cross- 
correlation matrix is also to be used by the interference 



cancellation computation section 22 of the JD demodu- 
lation section 3, JD demodulation is performed using the 
cross-correlation matrix newly generated this time. If, on 
the other hand, the selection result is that the previously 
5 generated cross-correlation matrix is to be used, JD de- 
modulation is performed using the previously generated 
cross-correlation matrix. The interference cancellation 
computation section 22 has a storage section (not 
shown ) that stores the cross-correlation matrix used 
10 this time for use in demodulation next time. The result 
of demodulation by the JD demodulation section 3 Is In- 
put to a decoding section (not shown). 
[0060] FIG.14 Is a flowchart showing the operation of 
a demodulation apparatus according to this embodi- 
es ment. 

[0061] In this flowchart, first, channel estimation is 
performed and a delay profile is generated (Step 100). 
Next, the delay profile newly generated this time is com- 
pared with the stored previous delay profile, and the 

20 amount of change is calculated (Step 102). Then, after 
the amount of change has been calculated, this amount 
of change Is compared with a predetermined threshold 
value, and It Is determined whether or not a cross-cor- 
relation matrix Is to be generated (Step 1 04). If this com- 

25 parlson shows that It Is not necessary to generate a 
cross-correlation matrix (the NO case)-that Is to say, If 
the amount of change of the delay profile Is less than 
the threshold value-the previous cross-correlation ma- 
trix Is read from the storage section (not shown) and in- 

30 terference cancellation computation is performed (Step 
108). If, on the other hand, it is necessary to generate 
a new cross-correlation matrix (the YES case)-that is to 
say, If the amount of change of the delay profile is great- 
er than or equal to the threshold value-a new cross-cor- 

35 relation matrix Is generated (Step 1 06). After the new 
cross-correlation matrix has been generated, It Is stored 
and Is also used In Interference cancellation computa- 
tion (Step 108). 

[0062] Thus, according to a demodulation apparatus 
40 of this embodiment, when a previously generated cross- 
correlation matrix can be employed as the cross-corre- 
lation matrix used In JD demodulation, that cross-corre- 
lation matrix Is used and a new cross-correlation matrix 
Is not generated, thereby enabling power to be saved 
45 during demodulation. 

(Embodiment 9) 

[0063] FIG. 15 is a block diagram showing the conflg- 
50 uration of a demodulation apparatus according to Em- 
bodiment 9 of the present invention. Parts in FIG.1 5 
identical to those in FIG. 12 are assigned the same 
codes as in FIG.1 2 and their explanations are omitted. 
[0064] A demodulation apparatus according to this 
55 embodiment comprises a channel estimation section 1 , 
a JD demodulation section 3, a delay profile averaging 
processing section 23, and a buffer 24. The delay profile 
averaging processing section 23 averages delay pro- 
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files over one or a plurality of transmission units and out- 
puts the result to the JD demodulation section 3. The 
buffer 24 holds the received baseband signal obtained 
while the delay profile averaging processing section 23 
is performing delay profile averaging processing. The s 
JD demodulation section 3 generates a cross-correla- 
tion matrix to be used in JD demodulation from the input 
average delay profile, and performs JD demodulation 
processing on the received baseband signal for the av- 
eraging period. The result of JD demodulation is input io 
to a decoding section (not shown). 
[0065] Thus, according to a demodulation apparatus 
of this embodiment, delay profiles over one or a plurality 
of transmission units are averaged and the result is input 
to the JD demodulation section 3, and the received is 
baseband signal during the delay profile averaging 
processing period is held in a buffer 24 and is input to 
the JD demodulation section 3 after delay profile aver- 
aging processing, thereby making possible JD demod- 
ulation that uses an averaged delay profile, and so mak- 20 
ing it possible to reduce the number of times of gener- 
ation of a cross-correlation matrix, and enabling power 
to be saved during demodulation. 

(Embodiment 10) 25 

[0066] FIG. 16 is a block diagram showing the config- 
uration of a demodulation apparatus according to Em- 
bodiment 10 of the present invention. Parts in FIG.16 
identical to those in FIG.1 and FIG.15 are assigned the so 
same codes as in FIG.1 and FIG.15. 
[0067] In the above-described demodulation appara- 
tus according to Embodiment 9, a large-capacity buffer 
24 is necessary due to the fact that a chip-rate or sam- 
ple-rate received baseband signal is stored. In a demod- 35 
ulation apparatus according to this embodiment, a 
RAKE demodulation section 2 is added and RAKE de- 
modulation processing is carried out for all users in the 
JD demodulation process, so that a buffer of small mem- 
ory capacity can be used. As a result, only RAKE de- 40 
modulated symbols need be stored in the buffer 24, and 
it is possible to use a buffer of small memory capacity. 
[0068] FIG.1 7 Is a flowchart showing the operation of 
a demodulation apparatus according to this embodi- 
ment. 45 
[0069] In this flowchart, first, channel estimation is 
performed and a delay profile is generated (Step 120), 
and then RAKE demodulation is performed (Step 122). 
Next, delay profiles over one or a plurality of transmis- 
sion units are averaged (Step 124). Then JD demodu- so 
lation is performed using the averaged delay profile and 
the RAKE demodulation result (Step 126). 
[0070] Thus, according to a demodulation apparatus 
of this embodiment, a received baseband signal is 
RAKE demodulated over a delay profile averaging 55 
processing period and RAKE demodulated symbols 
thus obtained are stored, thereby making it possible to 
reduce memory capacity and to use a low-cost buffer of 



small memory capacity. 
(Embodiment 11) 

[0071] FIG. 18 is a block diagram showing the config- 
uration of a demodulation apparatus according to Em- 
bodiment 11 of the present invention. Parts in FIG. 18 
identical to those in FIG.1, FIG. 12, and FIG.15 are as- 
signed the same codes as in FIG.1, FIG. 12, and FIG.15. 
[0072] In a demodulation apparatus according to this 
embodiment, a delay profile comparison processing 
section 20 is provided in addition to the configuration of 
the above-described demodulation apparatus accord- 
ing to Embodiment 10. This delay profile comparison 
processing section 20 calculates the amount of change 
of the current delay profile with respect to the delay pro- 
file at the start of averaging, and determines whether or 
not that amount of change is greater than or equal to a 
predetermined threshold value. The delay profile aver- 
aging processing section 23 determines the delay pro- 
file averaging period in accordance with the result of de- 
lay profile comparison processing section 20 process- 
ing. In this case, processing is perfonned so that aver- 
aging is discontinued if the amount of change of the de- 
lay profile Is greater than or equal to the threshold value, 
and averaging is continued if the amount of change of 
the delay profile is less than the threshold value. If the 
result of processing by the delay profile comparison 
processing section 20 is that averaging is to be discon- 
tinued, the JD demodulation section 3 reads the RAKE 
demodulation section 2 demodulation result from the 
buffer 24 and performs JD demodulation. The result of 
JD demodulation is input to a decoding section (not 
shown). The reason for controlling the averaging period 
in accordance with the amount of change of the delay 
profile is that, if the averaging period is extended regard- 
less of the fact that the amount of change of the delay 
profile has increased, the error between the actual value 
and the averaged value will be large and quality will de- 
grade. When the amount of change of the delay profile 
is large, a cross-correlation matrix is generated using a 
shorter averaging period. 

[0073] Thus, according to a demodulation apparatus 
of this embodiment, the averaging period is controlled 
in accordance with the amount of change of the delay 
profile, thereby making it possible to prevent degrada- 
tion of reception quality. 

(Embodiment 12) 

[0074] FIG. 19 is a block diagram showing the config- 
uration of a demodulation apparatus according to Em- 
bodiment 12 of the present invention. Parts in FIG.1 9 
identical to those in FIG.1, FIG. 12, and FIG.15 are as- 
signed the same codes as in FIG.1, FIG. 12, and FIG.15. 
[0075] In a demodulation apparatus according to this 
embodiment, the delay profile comparison processing 
section 20 shown in the above-described demodulation 
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apparatus according to Embodiment 1 1 is provided after 
the delay profile averaging processing section 23 shown 
in that demodulation apparatus according to Embodi- 
ment 11. The delay profile comparison processing sec- 
tion 20 calculates the amount of change of the current 5 
average delay profile with respect to the previous aver- 
age delay profile, and performs selection processing for 
the cross-correlation matrix to be used in JD demodu- 
lation based on that amount of change. That is to say, 
a selection result is input to the JD demodulation section io 
3 such that the previous cross-correlation matrix is used 
when the amount of change is less than a predeter- 
mined threshold value, and a cross-correlation matrix is 
newly generated from the current average delay profile 
when the amount of change is greater than or equal to 15 
the predetermined threshold value. 
[0076] The JD demodulation section 3 performs 
processing for generating a cross-correlation matrix 
from the current delay profile or using the previous 
cross-correlation matrix in accordance with the selec- 20 
tion result from the delay profile comparison processing 
section 20, and performs JD demodulation for RAKE de- 
modulated symbols of the current averaging period . 
The result of JD demodulation Is Input to a decoding sec- 
tion (not shown). 25 
[0077] Thus, according to a demodulation apparatus 
of this embodiment, a cross-con-elation matrix is reused 
in accordance with the amount of change of the aver- 
aged delay profile, making generation of a new cross- 
con-elation matrix unnecessary to that extent, and thus so 
enabling power to be saved during demodulation. 

(Embodiment 13) 

[0078] FIG.20 is a block diagram showing the config- 35 
uration of a demodulation apparatus according to Em- 
bodiment 13 of the present invention. Parts in FIG.20 
identical to those in FIG. 10 and FIG. 12 are assigned the 
same codes as in FIG. 10 and FIG.12. 
[0079] In a demodulation apparatus according to this 40 
embodiment, a decoding section 1 3 that decodes the 
JD demodulation section 3 demodulation result, and an 
error detection section (con-esponding to the detecting 
means and threshold value controlling means in claim 
19) 14 that detects decoded bit errors and inputs the 45 
result to the delay profile comparison processing section 
20 are provided in addition to the configuration of the 
above-described demodulation apparatus according to 
Embodiment 8. 

[0080] The demodulation result from the JD demodu- so 
lation section 3 is input to the decoding section 13, and 
decoded bits are output. These decoded bits are input 
to the error detection section 14, where error detection 
is performed. If the error detection section 14 detects an 
error in decoded bits, it performs control that changes 55 
the threshold value in the delay profile comparison 
processing section 20. In this case, threshold value 
change control is performed until errors are no longer 



detected in decoded bits. When the threshold value is 
changed, a situation in which the threshold value is lost 
track of can be prevented by returning to the initial value, 
or returning to the pre-change value, following the 
elapse of a predetermined period after errors are no 
longer detected in decoded bits. 
[0081] FIG.21 is a flowchart showing the operation of 
a demodulation apparatus according to this embodi- 
ment. 

[0082] In this flowchart, first, channel estimation is 
performed and a delay profile is generated (Step 130). 
Next, the delay profile newly generated this time is com- 
pared with the stored previous delay profile, and the 
amount of change is calculated (Step 1 32). Then the cal- 
culated amount of change is compared with a predeter- 
mined threshold value, and based on the result it is de- 
termined whether or not a cross-correlation matrix is to 
be generated (Step 134). If it is determined that it is not 
necessary to generate a cross-correlation matrix (the 
NO case)-that is to say, if the amount of change of the 
delay profile is less than the predetermined threshold 
value-the previous cross-correlation matrix is read from 
the storage section (not shown) and interference can- 
cellation computation is performed (Step 138). If, on the 
other hand, it is necessary to generate a new cross-cor- 
relation matrix (the YES case)-that is to say, if the 
amount of change of the delay profile is greater than or 
equal to the predetermined threshold value-a new 
cross-correlation matrix is generated (Step 1 36). When 
a cross-correlation matrix has been newly generated, it 
is stored in the storage section (not shown) and is also 
used in interference cancellation computation (Step 
138). After interference cancellation computation has 
been performed, decoding processing is carried out 
(Step 140). After the decoding processing, error detec- 
tion processing is perfonned (Step 142). If an error is 
detected in a decoded bit in this en-or detection process- 
ing, control is performed that changes the threshold val- 
ue in delay profile comparison processing (Step 1 32). 
This control is performed until errors are no longer de- 
tected. 

[0083] Thus, according to a demodulation apparatus 
of this embodiment, the threshold value used in delay 
profile comparison processing is changed in accord- 
ance with en-or detection results, enabling decoded bit 
errors to be reduced and reception quality to be im- 
proved. 

(Embodiment 14) 

[0084] FIG. 22 is a block diagram showing the config- 
uration of a demodulation apparatus according to Em- 
bodiment 14 of the present invention. Parts in FIG.22 
identical to those in FIG.IOand FIG. 18 are assigned the 
same codes as in FIG. 10 and FIG. 18. 
[0085] A demodulation apparatus according to this 
embodiment is an application example of the above-de- 
scribed demodulation apparatus according to Embodi- 
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ment 11, and has an error detection section 14 in addi- 
tion to tlie configuration of the demodulation apparatus 
according to Embodiment 11. 

[0086] The delay profile comparison processing sec- 
tion 20 calculates the amount of change of the current 
delay profile with respect to the delay profile at the start 
of averaging, and performs processing so that averag- 
ing is discontinued if the calculated amount of change 
is greater than or equal to a predetermined threshold 
value, and averaging is continued if the calculated 
amount of change is less than the predetermined 
threshold value. If the error detection section 14 detects 
an error in decoded bits from the decoding section 1 3, 
it performs control that changes the threshold value in 
the delay profile comparison processing section 20. This 
control is performed until errors are no longer detected. 
When the threshold value is changed, a situation in 
which the threshold value is lost track of can be prevent- 
ed by returning to the initial value, or returning to the 
pre-change value, following the elapse of a predeter- 
mined period after errors are no longer detected. 
[0087] Thus, according to a demodulation apparatus 
of this embodiment, the threshold value used in delay 
profile comparison processing is changed in accord- 
ance with error detection results, enabling decoded bit 
en-ors to be reduced and reception quality to be im- 
proved. 

(Embodiment 15) 

[0088] FIG.23 is a block diagram showing the config- 
uration of a demodulation apparatus according to Em- 
bodiment 15 of the present invention. Parts in FIG.23 
identical to those in FIG.11 and FIG. 18 are assigned the 
same codes as in FIG.11 and FIG.18. 
[0089] A demodulation apparatus according to this 
embodiment is an application example of the above-de- 
scribed demodulation apparatus according to Embodi- 
ment 12, and has an error detection section 14 in addi- 
tion to the configuration of the demodulation apparatus 
according to Embodiment 12. The delay profile compar- 
ison processing section 20 calculates the amount of 
change of the current average delay profile with respect 
to the previous average delay profile, and performs se- 
lection processing for the cross-correlation matrix to be 
used in JD demodulation based on the calculated 
amount of change. That is to say, a selection result is 
input to the JD demodulation section 3 such that the pre- 
vious cross-correlation matrix is used when the amount 
of change is less than a threshold value, and a new 
cross-correlation matrix is generated from the current 
average delay profile when the amount of change is 
greater than or equal to the threshold value. If the error 
detection section 14 detects an error in decoded bits 
from the decoding section 13, it performs control that 
changes the threshold value in the delay profile compar- 
ison processing section 20. This control is performed 
until errors are no longer detected. When the threshold 



value is changed, a situation in which the threshold val- 
ue is lost track of can be prevented by returning to the 
initial value, or returning to the pre-change value, follow- 
ing the elapse of a predetermined period after errors are 

5 no longer detected. 

[0090] Thus, according to a demodulation apparatus 
of this embodiment, the threshold value used in delay 
profile comparison processing is changed in accord- 
ance with error detection results, enabling decoded bit 

10 errors to be reduced and reception quality to be im- 
proved. 

[0091] In the above embodiments, when a cross-cor- 
relation matrix is not newly generated the cross-corre- 
lation matrix generated on the previous occasion is 
15 used, but it is not absolutely necessary for the cross- 
correlation matrix generated on the previous occasion 
to be used, and the cross-correlation matrix generated 
on the occasion before last, for example, may be used 
instead. The key point is that if a cross-correlation matrix 
20 generated in the past can be used, it should be used. 
[0092] As described above, according to the present 
invention, switching is performed between RAKE de- 
modulation and JD demodulation in accordance with re- 
ception conditions, thereby making it possible to provide 
25 a demodulation apparatus with lower power consump- 
tion than a conventional demodulation apparatus that 
uses only JD demodulation. 

[0093] Moreover, according to the present invention, 
the number of times of generation of a cross-con-elation 
30 matrix used in JD demodulation can be reduced, ena- 
bling power to be saved during demodulation. 
[0094] This application is based on Japanese Patent 
Application No.2000-300148 and Japanese Patent Ap- 
plication No.2000-300790 filed on September 29, 2000, 
35 entire contents of which are expressly incorporated by 
reference herein. 

Industrial Applicability 

40 [0095] The present invention is suitable for use in a 
CDMA mobile communication system. 



Claims 

1 . A demodulation apparatus comprising: 

first demodulating means for performing de- 
modulation by means of joint detection; 
second demodulating means for performing 
demodulation by means of RAKE; 
switching means for switching between said 
first demodulating means and said second de- 
modulating means; and 
switching determining means for determining 
reception conditions and controlling said 
switching means based on that result so as to 
switch to either said first demodulating means 
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or said second demodulating means. 

2. The demodulation apparatus according to claim 1, 
wherein said first demodulating means performs 
joint detection demodulation using symbols after 
RAKE demodulation. 

3. The demodulation apparatus according to claim 1 
or claim 2, further comprising code quantity detect- 
ing means for detecting a number of spreading 
codes multiplexed in a received signal; 

wherein said switching determining means 
switches to said second demodulating means when 
a number of spreading codes detected by said code 
quantity detecting means is less than a predeter- 
mined threshold value, and switches to said first de- 
modulating means when a number of spreading 
codes detected by said code quantity detecting 
means is greater than or equal to a predetennined 
threshold value. 

4. The demodulation apparatus according to claim 1 
or claim 2, further comprising path quantity detect- 
ing means for detecting a number of transmission 
paths; 

wherein said switching detennining means 
switches to said second demodulating means when 
a number of paths detected by said path quantity 
detecting means is less than a predetennined 
threshold value, and switches to said first demodu- 
lating means when a number of paths detected by 
said path quantity detecting means is greater than 
or equal to a predetermined threshold value. 

5. The demodulation apparatus according to claim 1 
or claim 2, further comprising: 

code quantity detecting means for detecting a 
number of spreading codes multiplexed in a re- 
ceived signal; and 

path quantity detecting means for detecting a 
number of transmission paths; 

wherein said switching detennining means 
switches to said second demodulating means when 
a value obtained by multiplying together a number 
of spreading codes detected by said code quantity 
detecting means and a number of paths detected 
by said path quantity detecting means is greater 
than or equal to a predetermined threshold value, 
and switches to said first demodulating means 
when said predetermined condition is not satisfied. 

6. The demodulation apparatus according to claim 1 
or claim 2, further comprising SIR calculating 
means for calculating a signal to interference ratio 
in some or all symbol RAKE demodulation results; 

wherein said switching detennining means 



switches to said second demodulating means when 
a signal to interference ratio calculated by said SIR 
calculating means is greater than or equal to a pre- 
determined threshold value, and switches to said 
5 first demodulating means when a signal to interfer- 
ence ratio calculated by said SIR calculating means 
is less than a predetermined threshold value. 

7. The demodulation apparatus according to claim 1 
10 or claim 2, 

wherein said switching determining means 
switches to said second demodulating means when 
a number of retransmission times by said automatic 
repeat requesting means is less than a predeter- 
15 mined threshold value, and switches to said first de- 
modulating means when a number of retransmis- 
sion times by said automatic repeat requesting 
means is greater than or equal to a predetermined 
threshold value. 

20 

8. The demodulation apparatus according to any one 
of claim 1 through claim 7, further comprising error 
detecting means; 

wherein a threshold value that is a criterion 
25 used in detennination of switching between said 
first demodulating means and said second demod- 
ulating means is changed in accordance with an er- 
ror detection result detected by said en-or detecting 
means. 

30 

9. The demodulation apparatus according to any one 
of claim 1 through claim 7, further comprising: 

en-or detecting means for detecting demodula- 
35 tion result errors; and 

storing means for storing RAKE demodulation 
results; 

wherein said switching determining means, 
40 by switching from said first demodulating means to 
said second demodulating means, when an error is 
detected in that demodulation result by said en-or 
detecting means, switches to said first demodulat- 
ing means and also inputs to said first demodulating 
45 means a RAKE demodulation result stored in said 
storing means. 

10. A demodulation apparatus comprising: 

50 cross-correlation matrix determining means for 

determining whether a cross-correlation matrix 
used in joint detection demodulation is to be 
newly generated in accordance with a prede- 
termined threshold value for each received 

55 transmission unit or a cross-correlation matrix 

generated in the past is to be used; 
storing means for storing said cross-correlation 
matrix; and 
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joint detection demodulating means for, when 
new generation of a cross-correlation matrix is 
determined by said cross-correlation matrix de- 
termining means, newly generating a cross- 
correlation matrix in the current received trans- 
mission unit, using that cross-correlation matrix 
in joint detection demodulation, and also stor- 
ing that cross-correlation matrix in said storing 
means, and, when use of a cross-correlation 
matrix generated in the past is determined by 
said cross-correlation matrix determining 
means, using a past cross-correlation matrix 
stored in said storing means in joint detection 
demodulation. 

1 1 . The demodulation apparatus according to claim 1 0, 
wherein said cross-correlation matrix determining 
means measures a delay profile change amount 
among a plurality of transmission units, determines 
use of a cross-correlation matrix generated for a 
past received transmission unit when an amount of 
change of a delay profile of a current received trans- 
mission unit with respect to a delay profile of a past 
received transmission unit Is less than a predeter- 
mined threshold value, and determines use of a 
cross-con-elatlon matrix generated for a cun-ent re- 
ceived transmission unit when an amount of change 
of a delay profile of a current received transmission 
unit with respect to a delay profile of a past received 
transmission unit Is greater than or equal to a pre- 
determined threshold value. 

12. The demodulation apparatus according to claim 10 
or claim 11, further comprising: 

error detecting means for detecting an en-or In 
a decoded signal after joint detection demodu- 
lation; and 

threshold value controlling means for changing 
a threshold value based on an error detection 
result from said en-or detecting means. 

13. A demodulation apparatus comprising: 

delay profile averaging processing means for 
averaging delay profiles among a plurality of 
transmission units; 

delay profile comparison processing means for 
measuring an amount of change of delay pro- 
files averaged by said delay profile averaging 
processing means, and comparing a measured 
amount of change with a predetermined thresh- 
old value; and 

joint detection demodulating means for per- 
forming joint detection demodulation using a 
cross-correlation matrix generated for a past 
received transmission unit when an amount of 
change of a curent delay profile average value 



with respect to a past delay profile average val- 
ue is less than said threshold value, and per- 
forming joint detection demodulation after new- 
ly generating a cross-correlation matrix from a 
5 current delay profile when said amount of 

change is greater than or equal to said thresh- 
old value. 

14. The demodulation apparatus according to claim 1 3, 
10 further comprising: 

error detecting means for detecting an error in 
a decoded signal after joint detection demodu- 
lation; and 

15 threshold value controlling means for changing 

a delay profile averaging length or threshold 
value based on an error detection result from 
said error detecting means. 

20 15. A demodulation apparatus comprising: 

delay profile averaging processing means for 
averaging delay profiles among a plurality of 
transmission units; and 
25 joint detection demodulating means for per- 

forming demodulation by means of joint detec- 
tion using an average value of said delay pro- 
files. 

30 16. The demodulation apparatus according to claim 15, 
further comprising storing means for storing a re- 
ceived baseband signal during delay profile aver- 
aging processing by said delay profile averaging 
processing means and supplying said received 

35 baseband signal stored after said delay profile av- 
eraging processing has been perfonned to said joint 
detection demodulating means. 

17. The demodulation apparatus according to claim 16, 
40 further comprising RAKE demodulating means for 
performing RAKE demodulation of a received base- 
band signal and supplying RAKE demodulated 
symbols obtained thereby to said storing means. 

45 18. The demodulation apparatus according to any one 
of claim 1 5 through claim 1 7, further comprising de- 
lay profile comparison processing means for meas- 
uring a delay profile change amount among a plu- 
rality of transmission units, and performing determi- 

50 nation to discontinue delay profile averaging when 
said delay profile change amount is greater than or 
equal to a predetermined threshold value and to 
continue averaging when said delay profile change 
amount is less than said threshold value; 

55 wherein said joint detection demodulating 

means, when a determination result of said delay 
profile comparison processing means is discontin- 
uation of averaging, performs joint detection de- 
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modulation on a received signal of a transmission 
unit for which averaging was performed using a de- 
lay profile average value. 

1 9. The demodulation apparatus according to claim 18, 5 

further comprising: 

error detecting means for detecting an error in 
a decoded signal after joint detection demodu- 
lation; and 10 
threshold value controlling means for changing 
a threshold value for discontinuing delay profile 
averaging based on an error detection result 
from said error detecting means. 

15 

20. A radio base station apparatus comprising the de- 
modulation apparatus according to any one of claim 
1 through claim 19. 

21 . Aradio communication terminal apparatus compris- 20 
ing the demodulation apparatus according to any 
one of claim 1 through claim 19. 

22. A demodulation method comprising the steps of: 

25 

determining reception conditions; 
selecting either demodulation by means of joint 
detection or demodulation by means of RAKE 
based on that detennination result; and 
performing demodulation on a received signal so 
using the selected demodulation method. 

23. A demodulation method wherein, when demodula- 
tion by means of RAKE is perfonned, demodulation 

by means of joint detection is perfonned on that de- 35 
modulation result if there is an error. 

24. A demodulation method comprising the steps of: 

selecting a cross-con-elation matrix to be used 40 
in joint detection demodulation in accordance 
with a predetermined threshold value; and 
performing joint detection demodulation using 
the selected cross-correlation matrix. 

45 

25. A demodulation method comprising the steps of: 

averaging delay profiles within a plurality of 

transmission units; 

generating a cross-correlation matrix to be so 
used in joint detection demodulation using said 
averaged delay profiles; and 
performing joint detection demodulation using 
the generated cross-correlation matrix. 

55 
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